
ED 152 585

TITLE,

INSTITUTION
SPONS AGENCY

i

PUB DATE
NOTE

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

DOCUMENT RESONE.

SE 02411 51

ChloiiWknalysis - Wastewater,. TrainingNodule
.4"5.125.4.77.
Kirkwood Community Coll., Cadar Rapids, 'ova;
Department of Labor, Washington, D.C.; Iowa State
Dept. of invironiental Quality, Des Moines.

,

Sep 77 . .
. .

35p.; For- related documents,: see SE 024 138-165

MF-$0.83 HC -$2.06 Plus Postage.
Chemical Analysis; *Chemistry *Instructiona
Materials; *Laboratory Techniques; *Post,Secondary
EducatibuSeeondamEducation; *Teaching Guides;
Units of Study; Water P011ution Control
*Chlorine; *Waste Vat4r Treatment

'WTRA,C1
This document is an instructional adduli package

4,prepared in objective form for use by an instructor familiar with the
laboratory procedures for determining the combined chlorine residual
of a wastewater sample. Included are objectives, instructor., uides,
student handouts, and transparency casters. This module considers the'
amperometric, DPI), electrode and color comparator, kit method!.
(Author/RH) "

4

/

***********************************************************************
.

* Reproductions supplied by 2DRS'are the best that can be made ** , .. ,.from the original document. . * .

***********************************************************************



se

t

a

t

t

tl

CHLORINE ANALYSIS - WASTEWATER

Training Module 5.125.2.77

Prepared for the

.
U S. 0,EPARTMILMT OF HEALTH.

Nip EDUCATION & WELFARE
NATIONAL INSTITUTE OF

EDUCATION

THIS \DOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIMEO FROM
THE PERSON OR ORGANIZATION ORIGIN-
ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE-
SENT OFF ICIAL NAT I0H6L INSTITUTE OF .
EDUCATION POSITION OR POLICY

Iowa Department of Environmental Quality
Wallace State Office Building

Des Moines, Iowa 50319

by

Kirkwood Community College
6301 Kirkwood B'oulevard, S. 1

P. O. Box 2068
Cedar Rapids, Iowa, 52406

"PtRMISSION TO REPRODUCE THIS
MATERIAL HAS RF,EN GRANTED BY

Mary, Jo Bruett'

TO- THE EDUCATIONAL RESOURCES

INFORMATION CENTER (ERIC) AND
USERS OF THE ERIC SYSTEM."

The publication of these training materials Wee fibancially,
aided through a contract between the Iowa Department of

' Environmental Quality and the Officedf Planning'and Program-
ming, using funds availableunder the Comprehensive Employment
and-Training Act of 1973 ----However, the opinions expressed
berein_do not necess y,reflect the position or policy of
the U. S. Departme of Labor, 'and no official endOrsement by

Depar ent -of Labor should be inferred.
,

. 1

September, 1977

0

COW



4

-4

. -1

p

..,./

\

I 00'

I , .

4

I

The mention df trade names, or use of manufacturers technical b letins,'t /
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Module No:
.-

. ®

Nik .

Module Title: :' '
.

.

. Chlorine in Wastewater

Topics:. Introduttion , )1-

Aniperometric-Method

,

'

.

.,

...

.

1 Approx. Time: -
,'

,

DPD Method

Electrode Method
,.

Comparator kit etos,;t Mhd
Summary ,

,
. .

Objectives: 4 - .

. ,
,

Uppn completion-of this module the participant should be able to:
)

Determirie the residual chlorine level in wastewater.

-
, .

,
. ,

.

I

, c
.

.

...-,

.

.

.,

,

._.

Instructional Aids: .

,

.

.;--- .
HaridoUts

..

..

. ,.

,

.

.

_

, .

,.

.

.

.

.

:.

,

,

. ..Instructional Approach:

Lecture .

,.,
,

.

Lab ,.

Discussibn ..

.

. .

4
,

,_
.

.

.

._

,

A

.

.,.

..

,--

.p

References:

Standard Methods
EPA Effluent Monitoring

. ANWA - WaterChlorination/Principles/and
Manuals for Amperometri

.

.

, ,
.

,,

,

°
o '4' ,

: .. .
Ptiocedure % . .

.

,----- ,'.
Practices! ,' ,

c Ti trators , .

_ ,
I

i
.
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'Instructional Aids

Handouts

Handouts may be copied directly,

Lab "suppli es and :appgratus
t

Supplies and apparatus' shouta be supplied per handouts so°,that participants
may work in group§ of 2 or-3:

,
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,Module No:, Module

Residual Chlorine in Was4water

Approx. Time:

-

Sub'module

Topic: .

Introduction

Objectives:

When the participant completes this topic thers1ould beable to:

1. Differentiate between free and residual, chlorine.
2. List four methods for total'residual chlorine anatysis.
3. Indicate apd dembnstrate proper sampling procedures.
4. Explain why-a sample cannot be preserved-.

ti

A

Instructional Aids

None

.

1,

instrgtional Approach:,

Lecture

eferences.:

a

Standard Methods :

AWWA - Water ChlorinWon Ptinciples.and Practices

4

Class AssignMOnts:'

r
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Module No:
0

Initructor Notes-

Topic:

Introduction

Instru,ctor. Outline:.

OA.

a

a 4

.

'So

11111=10

1. a.

4

Differeriti,ate between Yree and residual
', hlorne.

, , ,

b. ndicaie when each is tested.

2. List and describe methods for chlorine analysis.

...

t.

I

a. Kits

.b. 'Amperometric

Spectrophotometiic

d. OrthOtolidine

e, Titrimeiric

3. Discuss sampling for chloOne.

4. Explain why a sample cannot be preserved.

9

n.

/

1
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Module tio:

. .

. ,

Mod' ute Title:

Chlorine in Wastewater

.

Submodule Title: .

Approx. Time:
.

.

.Topic:
.

Amperometric Method .
,y/' ' /Q.,.

Objectives:

When the participant
11.

1. Identify the proper
method for free

2.° Conduct a free
given proper, test

3. Translate the raw

.
.

. ,

, .

completes this topic they should be able to:

apparatus and reagents needed fOr the amperometric
and residual chlorine analysis.

and a residual chlorine test using the amperometric method
equipment and reagents.
results of the tests into proper unitssof expression.

I .
.

.

1nStructional Aids: .
, 0 .

. w

Handout ,
tab supplies per. haIndout

I
, .

ft
_ . ,

Instructional Approach: - ,

.,.
.

. , -. 1
Lecture 't

Lab . ..
.

.
,

3....
.o

,

.f.
-

Referentes: .
4

,
( .

1. ,Manuals for Amperometric Titrators - ,/

2. Standard Methods, 14th Ed. '.....

3. E5A effluent Monitoringproceduees _ .

, ./.- ' ,
-0- -. ,

., . .
,

. ,, ,

.

.

r. .Cta % I faents; ,,, 5
.

-, ''',..4 . , -',:, , z
.. .

. - . ..
: . ,

4 ..,-.. , , ..,

/



Page *8

:: .

aModule Topic: jr

AMperometric Method

nstructor Notes;

Handout
Page 9= 14

'

J

gbr

Vi1

./Instructor Out)ine*:-

C,

4

1. List and identify apparatus and _reafents needed
-for the method:.

2. DgmonsSrate the resiflual chlorine test.

Have participant condu,,ct. test.

3. Demonstrate calculation procedure.

Have participants do calculitions..

\

sl
(

4*
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Ef uent Mdnitoring Procedure: Amperometric Determination of Total Residual

Ch I ori ne in- Wastewater

Ana sis Objettivei

Br'ef Desdription of /Analysis*

e oper'ator will be atYle to perform an .amperlretri c titration for' the

/
/determination of total residual chlorine in a -sample. of wastewater treat-.

ment plant effluent. .
.

Residual chlorine present in wastewater is ins the form of Combined

J

chlorine. A "Back-Titration" procedure is used to de.termine the

phenylarsene oxideexcess and a formula used to.calculate' the:concentration
%

of total residual chlorine in the sample.

General Description.of Equipment used in the Process

A. Capital Equipment,.

1. Paverometric Titrator Assembly - Wyl lace.and-Ti@rnan*

ik3. Reusable

1. 1 piped (1 ml 'capacity)
a

'2. 1 pipette /5 ml capacity)
..,

.1

.3. 1' sample cup (to contain 001m1) 4

4.: plastic squeeze bottle

1:

1.
).

;,*Mention of a specific brancl,Tiame*,cloes not copstitute endorsement by the
U. S. Environmental, Protection Agency,: .

. -

**Consumable reagents listed are available `from Wallace & Tiernan Industri 1
Products Division, 25.Main St.,,SenevilleVII b7109. ..

. .
1 ..

v10/
. -4 .- .
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:-,

. Consumable**

1. 1 bottle pfrenylarsene oxide solrion 0.00564N-- (1-6 ounce)

1 bottle pH 4 buffer solution (4 ounce)
4

3. 1. bottle pH 7 buffer' solution (4 ounce.)

4.. 1 bottle ,potassi,um iodide solution (4 ounce)

5. 1 bottle sodium.chloride electrolyte tablets (8 ounce)
e I

6. Standard iodine solution 0.1
*ss

7. Standard, iodine titrant 0.0482.

,8. Potassium iodide crystals

9. .Iodine crytals, purified

7

`

i

LY

1/
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A. Reagents 5tandard iodin solutklon.1.0 N-Iodine standard solution (0.0220'

,
1. °Dissolve 40.0' grams of potassium, odide 11(I) in 50-M1 Of distilled

4 ..
4

I

water. Add. 12.7 g. of4i9dine crystals and stir until iolution,isT
. .

. complete. 44
V_

2. Dilute to ones li ter with distil led water.

a. '54i-e-the solution in a"dark bottle
-3. Transfer' 25 grams of potaistum - iodide "into a one liter volumetric flask,

t*.

a. Use a trip balance .

, ., ,
-,..4. Add. 200 ml of distilled water -and swirl to,distolvet . ..... ,

N ',
a.. Use,a graduate cylinder

.
4

- 6 ''';
-. r

.. ,r
f.:(

. h

5. Add 285 ml of OA N iodine solution 'and 'dilute to the mark with\ ...-
..distilled mater.

.44

DeterminatiVn of total residual chloilne ,

1. -Set up titrOor, and plug.into a source of 115 volt, 'single ph-ase,,

t -60, cycle A. C: current.
4

. 2. Add sample water to iht oOp. -Acttust the ltyel to the li-Tie:
I J. ' ./ t

a. The volume (if -
/

mpl e Is .'200.-ml..

k , '
3. Place- the cup on the titrator.

'a.. -Itie- top ,I e of till cup should go, behind the cup guide' ,post.
...,,,,-,-

b; `The, bottom ofb the' cup should rest -en the support post.

4. Turn the swiich/ to start the agitator,. r e,,.. .
5. Add' 5 ml of.phenjlarsere mide.solution to mple-and mix.

4
. -.,

1 a. Use a 5 M1 pipette.: "

\

4 4,

-6. Add 4.0 ml SO pH .4.0 buffer solution'tO tht sample and mix.
44

,7. Add 1.0 ml,of.Kisolution;

4

12
4

A. ,4;.,
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8.. Rotate the adjusting knob so that,.the miCroameter pointer reads about

20 on the scale.

9. Add 0.0282 N iodine solution in small, increments.

'a. Use a 1 ml Volumetric pipette graduated in 0.1 ml.

b. The standard reagent bottle, pump, pipette, and applicator tubing

cannot be usectifor this ,purpose since thiplastic components may

react with the iodine solution and change its strength..

c. As iodine is added to the,sarrple, the pointer remains practically

stationary until. the end-point ,.each increment of iodine solution

catises a temporary deflection of the microarmieter to the right,

but the Pointer drops. back ,to about its original position. The

tr, end point is reached-With small addition of iodine sol

giVei a definite, and,perinanent pointer deflection to the right

(tea .

. ,,"
10. Note they volume of iodine ,solution used,' to 'reach the end-point.

a. Cal.culete the total residual chlorlpe as follows:
itotal ,

(5) ml of iodine.)
-mg/1 chlorine = phensyarsene' - used in

, oxide used titration
(step 5) .

b. Example .of calcylation:

.4'

. r

-le
1. Total phenilarsene oxide used in step 5..T. 5.0 ml.

ml- of 'recline reciarq to reach the end-point in step 9 =
.10Per'

!
0.6 ml

tw

4 -
mg/1 chlorine = 5.0 ='5.0 - (5). (0.6

= 5.0 - 3.0
= 2,0

13

tr

44

t
4
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c. The accuracy of the above procedure depends on the volume of the

sample (step 2), the strength of the phenylarsene oxide solution*

(0.00564N) which is quite stable,-and the strength of the iodine

solution (0.0282 N) which is subject to deterioration with time.

If the iodine is not 0.6282 N, it must-be standardized by the
-

following procedure.

. Standardization of iodine solution

1. Add 5.0 ml of phenylarsene oxide solution to 195 ml of chlorinated

water.

a., Chlorine-demand-freewater: Add sufficient chlorine to distilled
..., . -

water to destroy the amonia. The amount of chlorite required will

be about ten times the amount of ammonia nitrogen present; in no

case produce an initial residual of less. thin 1:0 mg/1 free chlorine

Allow the chlorinated water, to stand overnight or longer;, then
t

exposeto direct sunlight until all-)residual chlorine-is discharged.
.

Use distilled water free 'from ammonia, and' nitrite' to produce the
q-

'chlorine demand free water.' Check chlorine residual by

Alpe rotretri c-tttrati on . __
,_

#

Ti trite with the iodine solution.

a. The end point is reac.hed'ithen a small ;addition of iodine gives a

pointer deflection to the right Op scale) which holds_ for 15-to

. ."20.seconds. if 1.01m1 of iodine solution 'neutralizes the 5.0 ml

_phenylarsene-oxide- solution, the-iodine-soTatton is 0.0282 N.

the iodine -solution has daeriorated, the volumeof iodine

solution to reach the end-point "(something greater: tban-1.9_
, .

is °equal to 5 mit:26f phenylarsene oxide soltition
4

.

-
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'to

,

b. "Back titration" for residual chlorinelmy be made with weaker

than 0.0282 N iodine solutions. The attached chart can belited

to determine the excess phenylarsene oxide by following step 12._

and subsequent steps.

12. Locate on line "A" the ml of iodine equal to 5.0 ml 'of iodine equal

to 5.0 M1 of phenyllskepe,Rxide.

13.' Locate on line "C" the vojdme of iodine as determined in stew 9.

110

14. Determine where a line connecting these points crosses linear ".

a. This is the excess phenYlarsene\oxide.

b. As expressed in.the formula; the mg/1 of chlorine residual is the

excess phenylarsene oxide subtracted from the total.

le of calculation:

. 'total pheny arsen xide - 10.0 mr'

2. mllodfheequal to 5.0 KIN*/ ne,oxide =.1.2 ml,

3. ml iodine to reach end. point cf "back titration" = 6.4

4. 'Excess phenylarsene oxide (from chart) = 1.6 (approx.4

5. m1/1 chlorine residual,. 10-1. = B.44

15,

-1

3
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EXAMPLE ,
It

"*. tr
, .

,
'

N'

Total pbe.nyiarsene oxide ,--10 ml . .,
.....,

, ,..

rnI..Iodinc equal to 5 ml .,phanyiarsene oxide .3:21:01.. 044.1-

ML iodine to reach end point of "Back Titration" -0.4
Exc4ss pht.nylersene oxide (from chart) 4.6 (approximately)
ppmchlorine residual . =10 - 1.6.8.4

- sl. 0 (0 :0282N) I._
Zt .. \ I
to N.
In , \ .,-' 0 , -

+....;
0 : \ \\

, t 1.1
- \ .,

20ta \
tr, .
7,1 \S , -15,

i 0 4.,,,, .

, , w 7,0
. \co.i z ,..- . to

f

La r, . ,..,
. N4... -,,,, 7.5

Nefito . - ',-(

.
,. -. / 1 tti ,...kg-.

,

( t
E 1.4

-;
...

N:-

N.

\
.

Ao=

.
.

1

4.0

;3.0t . .
,

" 2.5

)43 E.-1'5 e 4et
;

1^ ., 2 wo

..1
0 . f -1.51:

...
4 it-

1/4.

ii. 3' 1.0= E -

-, a , f..-..t. 7 (/)
:i

.;

US li .

U
Ut
co:; .

,.......toma.........

_O.
8.0

6.0
5.0

CD

5.0

1-
2. 0

1.5 7.\02
tU

C.)

.8
0.7
0.6 0
0.5

-0.4 tiG

-0.3 -g

2
pp

-0.15 15--
r 1.9

A

a
16

0.25 -0.1

C.
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Module Ito:-

.

I

Module Title:

sChlorthe in Wastewater .

Submodile Title: .

,
,

.

- \
v.

..
Approx. Time:

.

Topict. ,

_

DPD Spectrophotometric Method
.

... .

Objectives: :
0 s s

.

- "A. -,, ,,
,IA the participant completes this tdpic they should be' able to: -

, :'

1. teniify the proper apparatus' and reagents qieeded for the DPD.
2. Conduct a free and.iesidual chlorine test usq-ng-the DPD spectrophOtometric

method:
3. Translate the raw results of the method into proper Units A'expreSsion.

. ,

,, .-k ',.,

.

,.Instructionil Ai s:
,--01,

,

.

/ , .. 44 .

.

Handout *, .-,

z-

Labsupplies,per handout .

.
,(,:

,
,

, h
.

.

.
,

Instructional Approach: ,
1

. , . AOP,.
,

Lecture ,
,

, ,

_ .

Lab (...

.
c.

, .- - ,*..s.
.

.--,

-
...-.

,
,.- ,..- ..i.

.

References:-) .
.' '--

..1.- . . . \
. .. .. e.

,-4..
1. Standard Methods, 14th Ed.

A'

2. Manual forSanitary -Chemistry and'Sapitary-Microbiology,
,

3. -Linnlenton Community College, Albany, Oregon ,
..

.41

." ,
.

1
4, e

.
/ 1 e

Class As/tignments:
.

.

*
.

..,..,

.
.

,
,,/ (

(

.
.

.

. J .

. .

.
.

.7
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Module No:: -S Topic:

DPD Specrophotometric .Methods
(44,

:Instructor Notes: 1 inStruCtor Outline:

Handout
Page '17' - 22

a

4

r.

f

1. List and identify apparatus and reagents needed
for the method.

2. 'Demonstrate the residual chlorine test.

Have participant conduct test.

3. Demonstrate calculation procedure.

'Have, participants do calculations.

r

0.

.v_

w.
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TOTAL;/CHLORINE RESIDUAL
DPD/SPECTROPHOTOMETRIC METHOD

Equipment

Bausch & Lomb Spectronic 20 or

Bausch' k 'Lomb Mini Spectronic

Graduated cylinder,'25 ml, 100 ml

Clippers, for opening powder pillows

. Pipette, volumetric, 50 ml

' Pipettes, 1,;,...1-10 ml

Reagents

One liter vol umetri c ask
No.

ti

.
DPD total chlorine reagent powder pillows .or,

Buffer. and 01),D. Solution

.
1.. Buffer

Anhydrous pota Mini] dihydrogen phosphate

Anhydrous diso ium hydrogen phosphate

Distilled wpte

Disodium ethyle edi amine tetraacetate dihydrate also called

(Ethylenedinitr lo).tetraacetic acid sodium salt mercuric chloride

2. DPD Solution (N, N-diethyl-p-phenylenediamine) ,DPD Oxalate Or 4-N

p-amino-0 diethylaniline sulfate

aaid.

Distilled Water
.2

Potassitith iodide

.19

1
A

,A.4%.

,



ro

O

Page 18

a.
°Reagent Preparation'
f

1.- PHOSPHATE -BUFFER SOLUTION

.

Dissolve 240phydrous disodiumhydrogen phosphate, Na2NP04,: and 46 g

anhy roys potassium dihycirOgen phosphate, KH2PO4, in(dietilled.water.'
Co this solution with log mls distilled water` in which 0.8 g disodiuT._,

M tetraacetate dihydrate, also called (ethylPnedinittilo)
2-_,

- _

,tetraacetic',acid sodium salt, have been dissolved. Dilute to,- J liter .7,-..)

i.

with distilled water and add 0.02 g mercuric chloride to preiknt mold<
, .. ,

growth and to prevent interference in the test by iodide ions in the..

reagents.

2. N, N-DIETHYL-P-PHENYLENEDIAMINE' (DPD)

Dissolve 1 g DPD, oxflate 1.5 g p-aMino-N:N diethylaniline sulfate:In.

chlorine-free distiTle water containing 8 ml of 1+3 (25%) sulfuricVacid

,

and 0.2 g disodium ethylenediamine tetraacetate dihydrate alto called

(ethylenedimitrilo) tetraacetic acid sodium salt. f Make up to One liter,
\

store in a brown glass-stoppered bottle. Discard when this sOlution

. becomes diecolored.

3. POTASSIUM IODIDE

use'as dry crystals.

, .

Sample 'Preparation ':..
.

1. Take a water sample by filling a clean 100 ml graduated 'cylinder to the
, _ . ,, - , __,

100 ml mark, with sample solution. -.

--

i2. Add

,

the contents of one DPD,Total Chlorine Reagent Powder PillOw (04g
\

. \

DPD Powder) and mix.. A red tolor,will develop if chlorine is present.
t,

Wait at least 3 minutes but not over 6-minutes before taking reading.
,,- . ..-

20
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1'.

Or" ..., \ s' ,
-..., , .

I

''. Place 5 mls 'each of buffer reagent and DPD i-ndicatcir solationlifAthey, :;''.7,
t--,--',4

\ :

,,. gra duated cylinder and mix. Add 100, mIs sample.-and mix. Ad i..'1--/ g f.-../.......,

potassiumiodide*CrYstals and'inix to diirlve Allow to stand*feati
3 mUiptes but not over ,6 minutes for',,'01.16r;developine ,..,._

...' .''

Procedure -. -.Y. - f'-: '!.,...;
; t'Vs .:, '.' ,. ..

1. .6ausch Vtomb Spectronft 20
A 7. ' I

a. Adjust the wavelength to 530 nm.,

b. Cover tig empty sample compay-tme rit and adjust the zer\control -for a

reading of exactly t tnittance
. .

c. Plarea, tes
.1.1k 'Ps

Vsi °

the sample co

d.

Ajibe c Thing a portion of the untreatechsample. into
I )s,

.lased adjust the cull Scald control fOr a reading.,

n'Smittance.of exactly

Place ,--a:Iett, containing the treated: sample into the sample

component -and read transmittance. Refer to the 'table of available

chlorine in mg/1 vs.- ttTransmittance'-shown unsler Free 'Chlririne,,Analysis.
41F"

2. Bausch & Lomb Mini Spectromic 20

a.' Adjust thewavelength to 3Q,'hrn.

b. Using the one ihalf.tech adapter and ins rt, place th,e opaque rr in
the sample' compartment and zero the instrument.,

c. Place a 25-rini cell containing a portion of the untreated sample into

the sample compartment and djust/ the Full' Scale Cofltrol for a reading

of 100% transmittance.

d. Place a 25-nnicell containing the treated sample in(to_the "sample

compartment and read 9:- transmfttance. Refer to th°e table of available.
a ,

21. h
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a

'

4 ^ -

AS 11X.%tt, ')
chlorine i-n mg/1 vs. %.,,tronsmittance-shown unAr Free ChlorineAnalysis.°.

'
'NOTES:

,,-, ,1., If the sample turns yelltwihen WO' dinig4e.DPD reagent or measure's less -

than 10% transmitlance-, .the chTgrine4Concentration }is too. -Wigh and a ::. --

44.

sample dilution is necessary. A slight loss of chlorine may occur due to

di 1 uti on .
?' '

If the sample-Contains more than 2000 gt1 alkarinitydor acidity as CaCO3,'
ti go:

the sample may not develop the full ,amount of color °nit many jade instantly
s

.,, .To overcome this interference, pretreat thelampreb.to. about 2000'4g/1

alkalinity or acidity_ or establish a pH range :between 5 and 8. , Use an
- .

. approfrriate amount of acid or base that does not_contain ainmonium or
4 I

chloride ions. Test the treated sample immediately.

fi

.
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TENS
fT

10

30

40

50

60

70

"90

I

2 3 7-

%T

4 5 6 7

F

.4.00 .3.84 3.68 / :,.3.54

,

3.42 3.10,.: 3.18 / 3.08 ; 2.98 2'.88

, . 12.71 2.63' 2:55 . 2.48 2.41 2.34 '2.28
.

2.21
-

=,-

2.15

._
.
r

2,09

.2:94
1.98.

r-\.
1:93 1.88 - 1.12

I

1:78 / 1.73
,-

1.68
t

1.64

1.59 1.55 . 1,51' 1.47.\ 1.43 1.39 1.3 ,1.31__ .1.28 1.24

1.20 1.17 1 14 1.10 1.07. 1.04 ..',

-

/1:11 0.98 41.95 0.92

'0.89 0.86 0.113 0,80 = 0.78 0 .75' 0 72 .6 :70 6767 0.74

,

0.62 0.60 0.57 0.56 0.52
.,:ii.'-

"s 0. ; .48' 0.46 0,. 43 0-. 41

19 . 39 0.37 :11.34

.. -

0.32
-------

,
,,,-'. R.A,,

,-

,111.24,,_

t
0.24 0:22 6.20

,..

0.18 0.16 0:14 9.1 /),,461 , 6,09 0.07 . 0.05 N____0.04 0.02

Table taken

-2na, Edition

from Page 219, Proce res, Chemical Lists v0 Glassware forf,Water an ,Wastewater Analysis

,,fliack,dititirkcal Co.
.

? 3
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HodUle No:

,

a
.

Module Title:. :44,

thlorine in Wastewater
_

,

,..........

Submodule Title:

- .

_
..

Approx. ;rime:

I /
,

'Topic: ,
.

,

..

Chlori -ne Electrode-Method

.

. .

Objectives:
, /-. .'

When the participant completes this topic they should be able to:

.1. Identify the prdper)apparatus and reagents needed ;for the' residual chlorine

electrode metgod. - -'- i.....- *

,2. Conduct a)chlorine residual test using :the residual chlorine electrode.

3. Translate the raw .results of the method into-proper units of expression.
. ,

Insti.uctibnalAids:.

.

-Hindout ,
*

, v

,
.

( ,

4.,-,..

'. ,

Instructional Approach: 1

, ..

_.

, .. . ,
O'f

.1.ecture
. ,

. . -

4
/,

. .

. ..,
,

, .

,r,,

.

References: ,

.
.

, .
.

r

.

,

i . , ,

MethOds Manual for Chlorine Electrode ''. a

. .

N
. ,. .

_

.,.

,
.=

Class Aisignmepts: -. .

_
1

,

"
.

.

. _



1,1

Of.

Page 23

Module Ho: Topic:

Chlorinp Electrode Hethdd

Instructor Notes:
.N

Instructor Outline:

5

Handout. 1. List identify apparatus and reagents needed'
Page 24- 25,

, for the
,

method. 1

42. Demonstrate-the residual chlorineLte4t.:.

Have participant conduct test..

3.. Demonstrate calculation procedure.

J

Ave fort cipants do, calculations.

L.
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CHLORI ELECTRODE

Procedure for Samples Between 0.2 and 20' ppm
, ,

Prepare21 Ppm standardizing solution:

;Page -24

NI 1

_ ,

1..=1111111111

.

Note: Always .mix the three reagenti'and allow two minutes force action
.

.

batfi=e dilutirig to 200 m with-ifistilled water. The reactiinil;etWeeniodie
,m

lend 1 odi de
-

ih'"itn- acid solution i s extremely slow afteir di 1 uti on .

1. ,Pipet ml residual chlorine standard (106 ppm-as C12)I mViodide

reagent and 1 'ml d reagent i nto22590,,beaker. /Use amt
.-

of each solut4n, anado not add water. Swirl for twO7-minutes toy allow i

complete reaction.
.

2. Add 99 ml' distilled water and- miic.,orougNly. .,.

3. Store this 1 ppm stanciardizing-solution in a 6--oz:, ate,' glass, wide "
...,- . .

mouth packer botitle f o rte" Cal ibrati oi. Prepare a" fresh so =on every

'day.
)

Meas tAi,.rement Using 701 or 801 A digitil pH/mv meter
,

.--,
1. $c e 4-cycle semilogarithmic graph. paper with 000'.11my at the center'. --a-.
-, --- ---1.

of the- Tinear is an1,1,ppm at the center of the logarithmic axis. ,'
v. -

,

e_ linear scale should toyer a range from -60 my to 60 my.
z_ .. 4

Plot one point. at 000:o my a 4 1 ppm. -Plot a' seond point at,29'myand
, -, .

16 ppm. ,Draw-a straight lin' .c9nnecting_the tw oints_ and extrapolate

it tOO.61 pp,M.

4 s

an.

cs ciA

-11113-41ibration-deurve can be used fo; all measurements betyreen

0.05 and 10 ppm C12. There'd no

the electrode is .callbS'at _ The

need,to-preOare a .new- curve each time

portion of,the curve below 0-.2 ppm
\

Is used for lowlevel. measurenients.
26

1
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3. Place the'electrode.fn the 1 Ppm standardizing solution so thaVthe

reference element is submerged.

4. Turn the function switch'of the meter to a relative millivolt mode.

Set the meter reading to 000.0 by tuning the calibration d4trol knob

on the 1701 or by presiing-theCrestandardi-zation button on the 8011.

Remove the electrode from ,the sblution. Blot diy. Replace the cap
I *

t
on the storage bottle. .,

/ .
6. Pipet 1 ml iodide reagent into a .150 ml beaker and add 1 ml (20 drops)

acid reagent. Add 100 ml sample.

7. Mix thoroughly and let stand for about two minutes -to allow complete

80- 'Place the electrode in the sample -so that the reference element is

submerged. Record the potential readtng. Detrmin'e-the total residual

reaction.

chlorine` 'level in the sample from the calibration,c.urve.

9. Recalibrate every two hours by repeating:steps 3 throtigh, 5 above.

1;

e

ti
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Module Ho:

Approx.. Time

Abdule Tine:

Chlorine in Wast2water

Submodule Title:

Topic:

Use of Comparator or Kit Methods

ObjtctiveS:

i

When the participant completes this topic they should be able to:

1. Indicate why the kit methtds are less accurate than standard methods ,<
2. CondUct a residual chlorine and free chlorine est-Using kit methods -=

and compare the results to a standard method-

rntruciional Aids:,'

Handout
Lab supplies per handouto

Instructional Approach:"

lecture
Lab 4

References:

I.' Standard` Methods

2. Kit Instructions

Class Assignments:
,.. . .

28
1 :a

(
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z.

Modyle No:` Topic:

,Use pf Comparator or Kit Methods,

Instructor Notes:

Handout -`

Instructor Outline:

P

1. List and identify apparatus and reagenti needed
Page 28 - 30 for the method.

2. Demonstrate the residual Chlorine test.

Have participant conduct test.

.

Demonstrate calculation prOcedure

Have participants do calculatibns.

---_,----/

29

I
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Page 2B

CHLORINE RESIDUAL

(Comparator)

Introduction

The amount of chlorine remaining-in wastewater samp,les,,following

chlorination varies rapidly with time since chlorine is Unstable in water.

Therefore, samples to,be analyzed for chlorine residual values cannot

stored and -tests must be,Started immediately after grab. sampling. Avoid

exposing the samples, to excessive light, and agitation.

Equipment ,

Color comparators

%. .
a. La Motte Model #P-38 & R',#66,151:007

,

b.' Wallace-Tiernan Model #U-2374

c. Hach ,DRD Free & Total Chlorine fest- Kit,%,Model #CN-66

Reagents

1.. ORTHOTOLIDINE

No lorigeravailable from chemical supply houses.

2. DPD FREE CHLORINE REAGENT POWDER PILLOWS HACH #14070-99

3. DPD TOTAL CHLORINE REAGENT POWDER PILLOWS ..HACH #14064-99

Procedure
4 '

(For liallace-Tiernan. Model)

1. CLEAN. COMPARATOR"bLASS _CELLS

-Use fiat soapy water and, a soft test tube brush. Rinse thoroughly
e1/4:

with fir41 distilled water rinse. Let cells drain dry.

2. PLACE UNTR ATED SAMPLE GLASS.CELL

.Des gnated as the "blank" cell and pl aCe i n right hand slot of

co arator. '30
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PLACE ORTHOTOLIDINE REAGENT IN GLASS CELL DESIGNATED "OT"

,Ifte,0.5 ml reagent for each 10 mls of sarple.
. 7-

4. 'ADD MEASURED'VOLUME OF SAMPLE

The volume is usually 10 or 15 mls:

5. MIX REAGENT AND SAMPLE

Careful use of clean stirring rod is recommended.

6. WAIT FIVE MINUTES 4

A

7. PLACE GLASS CELL fa .LEFT AND SLOT OF THE COMPARATOR

Rotate the standard color disc until the col.or,ofihe standard, as

seen through the untreated 'sample, most closely matches the color

of the treated sample. .4 1
< '\-1"" .

/ .
. ... - 1

.4
,<<,

8. READ THE CRL,,OINE VALUE FROM THE STANDARD COLOR WHEEL`

9. EXPRESS THE RESIDUAL VALUE A$:'

Total res dual chlorine (mg/1)

Procedure

(Fof La'Motte del)
1. CLEAN. COMPARATORYGLASS C LL, AS ABOVE

2. ADD SAMPLE TO MARK ON GLASS CELL

3. ADD 8 DROPS ORTHOTOLIDINE REAGENT TO GLASS CELL

A. MIX REAGENT AND SAMPLE, AS ABOVE . sr.

5. .WAIT FIVE MINUTES

tt

: PLACE GLASS CELL IN COMPARATOR
.. . ,,

Pptti,if the slot closest to the corporator window whose,color most-

nearly matches that.of the sainple. .,

,
.. DETERMINE WHICH WINDOW)MATCHES THE COLOR OF-THE SAMPLE

. READ THE CHLORINE RESIDUAL V E NEXT TO:THE-WINDOW.

.1

31
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9. EXPRES,THE CHLORINE RESIDUAVALUE AS:

Total residual chlorine,(Mg/1)

NnTE:, Thesejprocedures measure total residual chloride. If free residual

chlorine is desired, read Immediately after,the addition of orthotolidine

without the five minDfe wait.

If combined residual chlorine is desired subtract the free value from the

total value.

(Hach Test Kit )Total Chlorine Residual

1. COLLECT SAMPLE

g. CLEAN GLASS CELL AS ABOVE'

'3..' PLACE UNCHLOiINATEDSAMPLE INTOTH,CELLS

4. ADD REAGENTS

,

Use nail clippers to open povdee pillows

5. IF POSITIVE TEST.DPD CANNOT BE USED ON THIS WATER SAMPLE

6. IF' RESULTS OF THIS REAGENT A60iTION ARE NEGATIVE RINSE BOTH CELLS

AND ADD CHLORINATED SAMPLE -.TO BOTH, CELLS ,

7. ADD DPD TOTAL RESIDUAL CHLORINE'REAGENT POWDER PILLOW.

8. .STIR, REAGENTS AND SAMPLE

9. WAIT UNTIL FULL COLOR DEVELOPS, FIVE MINUTES

10. ROTATE COLOR WHEEL -UNTIL THE COLOR OF THE STANDARD, AT StEN THROUGH THE''.

UNTREATED SAMPLE., 'MOST CLOSELY MATCHES THE TREATED SAMPLE

11. READ. AND RECORD IN mg/1 TOTAL RESIDUAL CHLORINE

NOTE: If free*rJidual chlorine is desired, carry out the'steps described

f

above using free residual:chlorine pbwder pillows in plaCe of total chlorine'

residual powderpillows. Record as free residual ,chlorine in mg/l.,

32,
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page 31,

Module No: .

%

Module Title:
,.

,x

Chlorine' in Vittewater ,2,,,,
/

."

'Stibmodtile Title: .

.

Approx. Time:'

, Topic:
'i.

t

SUMMARY
.

,
.

'Objectives:
, ' 1

When the participant completes this topic they should be able to:

. 1. Compare and contrast methods for residual chlorine and selegt a method
,

best suited for an individual plant.
.

\
-.*::"st

,

,

Instructional Aids: , ..

. .
.

.

All handouts
. :

.

,

, .
,.

.
,

',,,A,
.

.

Instructional Approach.:

Discussion. \

.

4- ..... Liqt
sy _ . ,Ir,,s.

i WZ' .
.

,,,,,

..
,

., --

.

,

.

4--;
.

.

,

.

I

,

.

. . -
.

%. .

.

.
-_,-:,

.
, , . .1 '

.

References:

Standard Methods

.

.

Class Assignments:

, .
.

.

. ,



Module Nti:

Instructor Notes:

4

c-

Page '32

Topi c:

SUMMARY

Instructor Outi,inel

Compare, and contrast the methods for chlorine.

4
Discuss:

Sped

Cost

Accuracy

Pre-E<On

a
JJ.
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Module Title:

e
R:,

Page 33

Chlorine in Wastewater
J

Submodule Title:

EVALUATION

--5Tectives4

Practical

Determining the amount of residual chlorine in ,a given sample using .one, of

the mhods from this module.' Reagent apparatus and procejpresheets will be

provided.

10,

1

0

-
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